Objective To evaluate the clinical features, etiology, and outcome of patients over 65 years old hospitalized for community-acquired pneumonia.
Introduction
Regarding community-acquired pneumonia, guidelines were proposed by the American Thoracic Society (ATS) in 1993, the British Thoracic Society (BTS) in 1993, the Infectious Diseases Society of America (IDSA) in 1998, and the Japanese Respiratory Society in 2000 (1) (2) (3) (4) . However, only in the guidelines of the ATShas there been mention of etiological microorganisms and treatment in the elderly with community-acquired pneumonia. In those guidelines, it was noted that Streptococcus pneumoniae, respiratory viruses, aerobic gram-negative bacilli and Staphylococcus aureus appeared to be the most commonpathogens in community-acquired pneumonia in outpatients without comorbidity and/or whowere 60 years of age or older. The therapies recommended were second generation cephalosporin or TMX/SMXor p-lactam/p-lactamase inhibitor ± erythromycin or other macrolides (1). In our previous retrospective studies (5, 6) , regarding community-acquired pneumonia in the elderly, S. pneumoniae, methicillin-sensitive Staphylococcus aureus (MSSA),and aerobic gram-negative bacilli were frequently isolated, while Mycoplasma pneumoniae, Chlamydia pneumoniae, Legionella pneumophila, and respiratory viruses were infrequently isolated. Since there have been few reports on the etiology of community-acquired pneumonia in the elderly in Japan, we therefore decided to prospectively study the clinical features, etiology and outcome of pneumonia in elderly patients admitted to our hospital during a two-year period.
(a 650-bed community general hospital) during the two-year period between April 1998 and March 2000. All patients admitted to this hospital from homehad chest radiographs taken. For the purpose of this study, the inclusion criteria for pneumoniawere; the presence of newchest radiographic infiltrates on admission and at least two of the following three criteria; history of fever (^37.5°C), leukocytosis (^10,000/|Lil), or elevation of C-reactive protein (^1.00 mg/dl). Patients with clinical signs of lower respiratory tract infection without chest radiographic confirmation, or patients presenting with opacities (for example; carcinoma) were excluded. Furthermore, patients with severe, chronic illness or disability in whompneumonia was an expected terminal event were excluded from the study.
Prior to the study, the protocol was approved by the institutional ethics committee and all patients gave their informed consent to participate.
In ves tiga tion Sputumspecimens were mostly obtained before the administration of antibiotics whenever possible. Blood was taken for culture (41 cases, 49%) and for a full blood count and differential white cell count; the following analyses were carried out: the erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), serum protein, serum albumin, liver function test, renal function test, immunoglobulin, and purified protein derivative (PPD). Throat swabs were taken for virus and M. pneumoniae isolation. Serum was collected both at admission and two or three weeksafter admission and tested for complement fixation antibody to influenza virus A and B, respiratory syncytial (RS) virus, adenovirus, parainfluenza 1 , 2, 3 viruses, cytomegalovirus, M. pneumoniae, C. psittaci, and the indirect fluorescent antibody to L. pneumophila. Antibodies to C. pneumoniaewere determined using the enzyme-linked immunosorbentassay (ELISA). Respiratory samples were obtained whenever possible by means of sputum collection (Gram stain and culture) (n=84) or from pleural fluid (n=5). Sputum data were only evaluated whenthe Gramstain test revealed numerous leukocytes (^25 in a lOOx microscopic field) and few epithelial cells (<10 in a lOOx microscopic field). The etiology of pneumonia was determined as definite under the following conditions: blood and pleural fluid cultures yielded a pathogen; serological data were considered to indicate recent infection if a four-fold rise in titers was documented between initial and subsequent blood samples or a single titer was elevated to^x256; valid sputum sample cultures yieldedl OVcolony-forming units (CFU); if L. pneumophila. Mycobacterium tuberculosis, C. pneumoniae or M. pneumoniae was isolated from a specimen, the bacterium was considered to be a definitive pathogen even if the culture showed little growth.
Results

Patien t characteristics
Consecutive patients whoappeared to fulfill the criteria for a diagnosis of community-acquired pneumonia were studied.
Fourteen patients were excluded (seven with organizing pneumonia, four with obstructive pneumoniasecondary to lung cancer, two with drug-induced pneumoniaand one with eosinophilic pneumonia). The remaining 84 patients (50 males and 34 females) whofulfilled the criteria were studied in detail. The mean age (±SD) of the patients was 78.0±7.6 years (ranging from 65 to 96). All patients came from their ownhome. Twelve patients had been previous bedridden. Seventy-six patients (10%) had at least one underlying disease (Table 1) . Thirty-eight patients (45%) had a history of respiratory disease, with chronic obstructive pulmonary disease (COPD) being most common(16 cases). Sixty-two patients (74%) had a history of non-respiratory disease, most commonly cerebrovascular disease (16 patients). Only eight patients had previously been in good health. Twenty-eight patients were current smokers, 22 were ex-smokers, and 15 drank alcohol regularly. Thirty-three patients (39%) had received prior antibiotics before admission.
Symptoms had been present for 3 to 68 (median: 1 1) days. Clinical features are recorded in Table 2 . Clinical symptoms and physical signs were obtained from 84 patients. The main clinical symptoms were cough in 52 patients, fever in 47, and sputum in 47. One-third of the patients had atypical symptoms of pneumonia such as dyspnea, consciousness disturbance, and gastrointestinal symptoms.The main physical signs were tachypnea in 59 patients, tachycardia in 58, high temperature in 47, hypotension in 15, and low temperature in 1.
The main laboratory data at admission were as follows: the white blood cell count was above 10,000/|il in 58%, the ESR was over 20 mmin one hour in 95%, the CRPconcentration was over 1.0 mg/dl in 100%, serum protein was under 6.5 g/dl in 30%, serum albumin was under 3.5 g/dl in 35%, cholesterol was under 130 mg/dl in 27%, cholinesterase was under 240 IU/Z in 25%, blood urea nitrogen (BUN) was over 20 mg/dl in 23%, the PPD test was negative in 55%, and serum globulin was under 2.5 g/dl in 12%. Extension of an infiltration shadow due to pneumonia affected one-third of the area of the unilateral lung field in 38%, the whole unilateral lung field in 52%, and more than the unilateral lung field in 10%.
Etiology of pneumonia
The causative microorganisms were established in 40 patients (48%); 16 of these showed evidence of polymicrobial agents; two agents in 10 and three agents in 6. The noninvasive microbiological tests employed and the results obtained are listed in Tables 3 and 4 . A blood culture was obtained from 41 patients. Three cultures yielded causative microorganisms (5. pneumoniae in 1, K. pneumoniae in 1, E. coli in 1). Satisfactory sputum samples were obtained from 64 patients, and 30 samples yielded causative organisms. The cultures of pharyngeal swabs were positive for influenza A virus in one patient. Serologic tests were performed in 84 patients, with the results meeting the diagnostic criteria in 16 patients. A significant elevation of viral antibody titers in paired sera was observed in ll patients (influenza A virus 6, RS virus 3, adenovirus 1, parainfluenza 1 virus 1). However, all these patients had mixed infections (double or triple) with other bacterial infections.
The most commoncausative microorganisms were S. (Table 4) .
Treatment and prognosis
The treatment for the elderly patients with community-acquired pneumonia is shown in 
Discussion
Throughthis prospective study wefound that the clinical features of community-acquiredpneumoniain the elderly were often atypical, with over one-third havingprominentnon-respiratory symptoms suchas dyspnea,consciousnessdisturbance and gastrointestinal symptoms.However,other features of infection such as fever, tachypneaandtachycardiawerepresent in mostpatients onadmission.In a previousstudy (7), similar findingswerecharacteristic of community-acquired pneumonia in the elderly. Theatypical presentation of pneumoniain the elderly maydelay diagnosis, with concomitant delay in the initiation of antibiotic therapy. This delay has been considered to be an important factor in explaining pneumonia'sgreater mortality rate in the elderly (8) .
Theproportionof 48%in whom a pathogenwasidentified in ourseries is similarto the proportionin some otherseries reported in westerncountries (9-1 1) with the exceptionof the study reported by Lieberman et al ( 1 2) in which causative pathogens were identified in over 80%of the patients. Noprospective study concerningthe pathogenof community-acquired pneumoniarestricted to the elderly in Japan has been done, but one prospective study whichreported the etiology of community-acquired pneumoniain all hospitalized patients including the elderly was done by Ishida et al (13) . They emphasized that the detection rate of causative pathogenswashigh (61.0%), and while S. pneumoniae wasthe mostcommon pathogen (23.0%), followed by H. influenzae (7.4%), M. pneumoniae (4.9%), K. pneumoniae (4.3%), the S. milled group (3.7%), Chlamydiapneumoniae(3.4%) and respiratory viruses (2. 1 %), Legionellapneumophila wasonly recognizedin a fewcases (0.6%). Regardingthe detection rate of causative pathogens, the frequencyof the variousmicroorganisms notedin different studies of community-acquiredpneumoniahas varied with the parametersusedfor diagnosisor the percentageof prior antibiotics. Althoughthe yield of a noninvasivemicrobiological test performedin our study, as shownin Table 3 , the diagnostic procedure for detecting pneumococcal capsular antigen from various kinds of specimensis popular in hospitals in Western countries (10). Venkatesan et al (10) reported a higher detection rate for the pathogenof S. pneumoniae usingserum.However, becausethis technique is not popular in Japan and we could not use this technique nor could Ishida et al (13) . They also used other invasive proceduresincluding transthoracic needleaspirationor bronchoscopic examination to increasethe detection rate. In the present study, there wereseveral reasons for the lower diagnostic yield. First, prior antibiotic therapy had been given to 39%of our patients. Second, wecould not use an invasiveprocedurebecausethe patients wereelderly and wecould not obtain the patient's informedconsent. In spite of this, the mostcommon pathogenswereS. pneumoniae and respiratory viruses, such as influenza Avirus or RSvirus, both detected in 13%.Pneumoniawith H. influenzae (8%), M. tuberculosis (8%), K. pneumoniae (6%) and MSSA(6%) were also common. A high percentage of polymicrobial infections wasalso notedcharacteristically, occurring in 3 1%of elderly patients. There were 1 1 cases of mixedinfection involving both bacteriumandvirus in our study, as comparedwith 12%of elderly patients in another study (9) .
Community-acquired Pneumonia in the Elderly
In some studies in Western counties (9) (10) (11) (12) undertaken to investigate the causes of community-acquired pneumonia in the elderly, the distribution of causative pathogens appeared to differ from that in younger adults (8) , and included S. pneumoniae, causing about 50%of infections, respiratory viruses, H. influenzae, C. pneumoniae and L pneumophila, However, M. pneumoniaewas not frequently encountered in elderly patients. Although respiratory viruses such as influenza A virus or RSvirus were also emergingpathogens that occupied a higher rank in the etiology of community-acquired pneumonia in the elderly in our study as opposed to the report of Ishida et al (13) , the most conspicuous difference between our study and those done overseas was the low frequency of L. pneumophila, as was also true in the study ofIshida et al (13) . The incidence of L. pneumophila in Japan remains lower than in Western countries despite thorough testing at many institutions in this country (14) . The reason L. pneumophilaremains rare in Japan is uncertain. Becausethe detection rate of L. pneumophila by only antibody titer has been low, the number of cases detected may increase if a more sensitive urinary antigen test becomesavailable for screening. The rate of mortality for pneumonia is higher in the elderly and reaches 20% in Western countries ( 15) . In the present study, however, the mortality rate was lower than 8%, and there was a relatively good prognosis compared with that in Western countries. The reason for this improvement of the nutritional state by means of intravenous infusion therapy and the performance of early appropriate empiric antibiotic therapy. In the treatment of elderly patients with community-acquired pneumonia, numerous guidelines have been developed by various national bodies with respect to antibiotic therapy, with specific recommendations for community-acquired pneumonia ( 1-3). Based on the empiric therapy for community-acquired pneumoniain the elderly, S. pneumoniae and H. influenzae should be covered in patients who have no serious coexisting illness. These can be adequately covered in most situations by antibiotics such as the second-generation cephalosporins and amoxicillinclavulanate. Although in this study the possibility of infection with pathogens such as C. pneumoniae and L. pneumophila appeared to be lower, erythromycin or new macrolides maybe added for patients in whomthese organisms are highly suspected. In cases with serious underlying illness, carbapenem or the third-generation cephalosporins maybe needed to cover aerobic gram-negative bacilli containing P. aeruginosa. Considering the prevalence of community-acquired pneumonia in relation especially to influenza A virus and S. pneumoniae, an important consideration is the prevention of pneumonia by means such as immunization therapy. In Japan influenza and pneumococcal vaccines have been recently used without provision from the National Health Insurance and have been found to be effective in the elderly (16, 17) . Because these vaccines are relatively safe (18) and have the potential to prevent serious disease, their routine use in the elderly should be recommended.
In summary, the results of the present study have demonstrated the prevalence of respiratory viruses, such as influenza A virus and RS virus, and the forming of mixed infections with S. pneumoniae or H. influenzae to be on the increase in community-acquired pneumonia in the elderly. Weconsider that it might be possible to reduce the high mortality rate of this disease in the elderly by means of routine use of influenza and pneumococcalvaccines in addition to early appropriate antibiotics.
